The aim of the research is to find out changes in productivity depending on the diameter of the tree to be cut as well as the most important factor influencing the reduction of productivity using small size forest machines in thinning in Latvia. The equipment used in the study -both the harvester and the forwarder is Vimek. The results of the research confirm the appropriateness of the exact technique in thinning if diameter of the harvested trees is 3 to 30 cm. The average productivity of the harvester achieved with a harvester head Keto Forest Eco (option 2) in Norway spruce stands with 8 cm weighted average tree reached 9.59 m 3 h -1 , in deciduous tree stands with 9 cm weighted average was 10.17 m 3 h -1 , but in Scots pine stands with 12 cm average weighted tree diameter reached 10.19 m 3 h -1 . By using the Keto Forest Eco Harvester head according to the thinning productivity figures, no significant difference among the tree species was detected. For the forest owner to predict the theoretical productivity of the harvester, it is possible to apply the equation R = K + KD * D, that is statistically significant, R 2 =0.85. This equation is applicable to thinnings when the diameter of thinned trees is between 4 and 25 cm. Forwarder's average productivity in thinned stands is 8.63 m 3 h -1 .
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Introduction
According to the data of the State Forest Register, the forest occupies 51% from the territory of Latvia (3.01 million ha), there are trends in increase of forest area in future (Valsts meža dienests, 2017). Analysing the possible work collateral for small size forest machines, positive trends in the forest regeneration are important, where in 2016 the total regenerated area amounted to 38.6 thousand ha, state-owned forests made up 42%, while other forest owners accounted for 58%. The pre-commercial thinning in 2016 was carried out in the area of 68.6 thousand hectares, and the amount of the commercial thinning made up 10.6 thousand hectares additionally (Valsts meža dienests, 2017). Analysing the previous experience of mechanised thinning, the potential total volume for the small size forest machines is to 117.8 thousand. ha, taking into account the previous experience of mechanised thinning in the range of tree diameter from 1 to 28 cm (Kaleja et The aim of the research is to find out changes in productivity depending on the diameter of the tree to be cut as well as the most important factor influencing the reduction of productivity using small size forest machines in thinning in Latvia.
Materials and Methods
The small size forest machines -a harvester Vimek 404 SE and forwarder Vimek 606 TTW were used in this research. The research was carried out in the territory of forest cooperative L.V. Mežs realising thinning in 13 stands with a total area of 39.23 ha. One forest machinery operator participated in the research. For mechanised logging experiments Vimex 404 SE with a harvester head Keto Forest Extreme (option 1) and Vimek 404 SE with a harvester head Keto Forest Eco (option 2) were used. Shifting time for the mechanised logging was 8 hours. Changes in the labour productivity, depending on the tree species and the tree diameter, are calculated based on the timing in the field work. Damage to after-thinned stands is determined according to the normative documents of Latvia. The equations by I. Liepa have been used for calculating the total volume of the forest stands, where the calculation is carried out for each tree trunk individually (Liepa, 1996) .
During the working process working time accounting is carried out with a specialized field computer Allegro II. The computer is equipped with FORESTRY AND WOOD PROCESSING DOI: 10.22616/rrd.24.2018.007 the time study program SDI. Working time was split into 10 work elements and other operations ( Table 2) . Breaks and other activities that do not comply with the table set-time elements were described in notes. Time studies did not include preparatory work, which takes about 1 hour a day, but the working time records include lubricating of moving parts that is normally carried out during the shift. Time tracks were recorded in centiminutes (1min = 100 centiminutes). For data analysis from the total number of observations (N=16879 pcs.) for further data processing measurements that are missing any of the records were excluded, for example, during the timekeeping, the tree species or the diameter of trees is not recorded. After the selection of data the number of observations used for further processing was N=9985 pcs.
The timekeeping of the forwarder was carried out according to a worked out and approbated methodology for the forwarder timing (Lazdiņš et al., 2016; Rozītis, Zimelis, & Lazdiņš 2017), Vimek 606 TTW was used in the study.
Results and Discussion
Characterization of the prepared tree volume is given in Table 3 . Logging is curried out with two different harvester heads. The total logged area with the first version is 20.01 ha, where the average diameter of felled tree is from 5 to 13 cm, but with the second version 19.22 ha. According to the database, the average diameter of the tree is from 7 to 12 cm, which in some cases does not correspond to the measurements made in the forest stands.
Proportion of the number and volume of the logged trees in the distribution of diameter for both harvester heads is reflected in Figure 1 . If small size forest machines are used in forest thinning, it is recommended that the operators of the machines preserve small dimension trees. Analysing the data obtained at the 5 cm diameter of the felled tree, the potential productivity of the harvester is 1.72 m 3 h -1 ± 0.23, in calculating the number of trees to be processed, 125 trees are required for the preparation of 1 m 3 . According to the calculations made in the study, the average number of treated trees per hour is 88 pcs, therefore, the economic justification of the cutting of small diameter trees should be considered (Lazdiņš et al., 2016) . In spite of this, the diameter of the felled trees is smaller than recommended. As one of the most effective control mechanisms, there is a possibility to use the log analysis file provided by the harvester tracking system (Arlinger & Möller, 2010; Räsänen, Sorsa, & Oy, 2010), such experience is evident in other countries, however, just from the time when thinning starts.
When analysing productivity indices by the type of the harvester head, significant differences can 
where:
By using the obtained algorithm, it is possible to predict the productivity index m 3 h -1 , it can be calculated using the developed mathematical model and coefficients (K=-1.827090812; KD=0.700114608). When calculating the statistical data for productivity per hour, coefficients are calculated and their confidence interval is given in Table 5 .
During the processing of statistical data, the reliability of the established formula was initially tested, which, according to calculations, is significant (F> Significance F); the formula can be used to predict the productivity thinning with the Vimek harvester. The analysis of the coefficients used in the formula: the use of K value 1.827090812 is statistically based on the significance level (p=0.001), the use of the K D value 0.700114608 is statistically based on the significance level (p=0.000). The use of obtained conversion factors in practice is statistically justified. In order to improve the reliability of the formula, it is necessary to include an additional indicator -branch diameter of the stem. From the data collected, the dependence of the time consumed on the treating of the tree depends on a tree diameter (Figure 3) .
Forwarder performance in thinning is 8.63 m 3 h -1 . On average, one load was consumed in 18 minutes, 5 minutes for unloading, an average of 8 minutes for moving around the felling site area, an efficiency of 0.88 for forwarding. The total damage to the remaining trees is on average up to 3%, which does not exceed 
